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Abstract.

BACKGROUND: Pain sensitivity has been negatively associated with physical activity levels. Few studies have examined
associations between experimentally induced pain sensitivity and physical activity in adults with chronic low back pain and pain-
free controls.

OBJECTIVE: The objective of this study was to examine associations between physical activity levels and how an individual
processes pain using experimentally induced pain stimuli.

METHODS: Seventy subjects (CLBP = 49; mean age = 46.8 £ 14.9; Pain-free = 21; mean age = 45.3 £ 18.2, n of females =
46) participated. A self-report questionnaire derived from the International Physical Activity Questionnaire (IPAQ) was used to
calculate an activity level index. Pain sensitivity was assessed via quantitative sensory testing (QST) at the right lower extremity.
RESULTS: Moderate (U = 688, p < 0.05) and vigorous (U = 649, p < 0.05) physical activity levels were higher in pain-free
vs. individuals with CLBP. Activity level was not associated with pain sensitivity (Pain-free: R2 = 0.02, p > 0.05; CLBP: R2
= 0.01, p > 0.05). Both moderate (R2 = 0.49, p < 0.05) and vigorous (R2 = 0.68, p < 0.01) physical activity were associated
with pain modulation amongst pain-free individuals.

CONCLUSIONS: Findings suggest that physical activity influences pain modulation amongst pain-free individuals, however no
relationship exists once CLBP is present. However, future investigation will elucidate the extent to which physical activity level
either prevents CLBP or is effective in alleviating CLBP.
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1. Background

Chronic low back pain (CLBP) is one of the most
prevalent pain conditions and the leading cause of
chronic disability worldwide [1,2]. Elucidating mech-
anisms of CLBP chronicity is a research priority since
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such factors can be instrumental in clinical rehabili-
tation. Recent work has determined numerous factors
that influence the LBP experience, including age, sex,
smoking, and psychological distress [3-6]. Physical
activity (e.g. exercise, recreation) is also believed to
play a role; however, the extent to which physical ac-
tivity prevents, alleviates, and/or exacerbates LBP is
undetermined [7,8].

Limitations in the previous physical activity re-
search have prevented researchers from determining
the direction and magnitude of influence between
physical activity and CLBP. For example, individuals
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with mild CLBP may have an increased probability of
maintaining recreational activities, while those with se-
vere CLBP may compensate or avoid activities [8]. In
such cases, it would be difficult to determine whether
physical activity improved CLBP or was dependent on
the person’s pain state. Another issue is that the as-
sociation between physical activity and LBP may not
be linear. Vigorous activity may be just as detrimental
to pain chronicity as maintaining a sedentary lifestyle,
whereas a moderate physical activity level would be
more beneficial [8,9]. Limitations in prior research im-
pede translation to clinical care. Although physical ac-
tivity is often championed by health care profession-
als to reduce health risks [10], physical activity among
individuals with CLBP may be attenuated — or worse,
discouraged — if the assumption is that physical activity
has deleterious effects.

Pain researchers have commonly used laboratory-
controlled experimental pain evocation to assess pain
processing changes in the presence of chronic pain
conditions [11-13]. A large body of research exists
to show that individuals with CLBP have lower pain
thresholds to pressure or punctate stimuli compared to
pain-free controls [14—17] which suggests that CLBP
is associated with a state of enhanced pain sensitiv-
ity. In addition, recent advancements in dynamic ex-
perimental paradigms have shown that CLBP may also
be associated with systemic changes in pain modula-
tion. Specifically, individuals with CLBP have demon-
strated both enhanced pain facilitation [18] as well as
decrements in pain inhibition [19] when compared to
pain-free controls. Independent of chronic pain, ex-
perimental pain tests have also been used to deter-
mine the extent to which physical activity is associ-
ated with pain processing. A recent study of pain-free
individuals found lower physical activity to be associ-
ated with heightened pain sensitivity [20,21]. Another
study found the intensity of physical activity (e.g. light
versus vigorous) played a role, as non-athletes demon-
strated a lower pain tolerance compared to athletes
when using standardized QST protocol [22]. To our
knowledge, determining associations between physical
activity and pain processing in the presence of CLBP
has not been assessed. This association would pro-
vide important insight for health care providers and pa-
tients.

Therefore, the purpose of this study was to exam-
ine the relationship between the intensity of physi-
cal activity and experimental measures of pain pro-
cessing in persons with CLBP, and to compare that
with a group of pain-free individuals. We hypothe-

sized that individuals with lower physical activity lev-
els would demonstrate heightened pain sensitivity and
decrement in pain modulation, as has been observed
previously [20-22]. This study aimed to investigate
the differential association between physical activity
and pain processing based on the presence of CLBP,
which could then be used to model future investigation
into the prognostic value of physical activity to prevent
and/or treat chronic pain conditions.

2. Methods

2.1. Study design and participants

Individuals aged 18-79 years with CLBP or pain-
free were recruited from the University of Florida
(UF) and surrounding community via printed adver-
tisements. Individuals with CLBP were considered for
the study if they had experienced pain for at least 3
months that was equal to or greater than 40/100 on a
numeric pain rating scale. Exclusion criteria for both
groups were: 1) prior surgery for low back muscu-
loskeletal pain; 2) current use of narcotics; 3) uncon-
trolled hypertension; 4) diabetic neuropathy; 5) circu-
latory disorders; 6) history of cardiac events; 7) car-
diac pacemaker; 8) epilepsy; 9) symptoms of nerve
root involvement such as motor weakness and sensory
disturbance; 10) pregnancy; or 11) psychiatric-related
hospital admission within the past year. Additional ex-
clusion criteria for individuals with CLBP were active
treatment for low back pain either currently or within
the past 1 month, or low back pain consequent to trau-
matic injury. All participants were screened in person
for cognitive level using the Mini Mental State Exam-
ination (MMSE), with those scoring over a 23 con-
sidered for enrollment. The UF Institutional Review
Board approved this study and all subjects were re-
quired to sign an informed consent form to participate.

Following consent, participants completed question-
naires pertaining to demographics and pain. Addition-
ally, participants provided information on their level of
physical activity including type, intensity, frequency,
and duration. Experimental pain measures of pain pro-
cessing were then completed which involved evocation
of mechanical (pressure) and thermal (heat) pain stim-
uli.
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2.2. Measurements

2.2.1. Physical activity levels

A written questionnaire was completed by partic-
ipants to assess and define physical activity level.
Questions included the number and average duration
of workouts per week, based on a priori definition
of moderate (i.e., brisk walking, bicycling 5-9 mph,
golf, swimming, lifting weights, etc.), or vigorous
(running, bicycling 10 mph+, swimming laps, circuit
weight training, competitive sports, etc.) physical ac-
tivity level. Questions were derived from the Interna-
tional Physical Activity Questionnaire, which is a reli-
able and valid measure of activity [23]. However, ques-
tions were updated in order to align with current gen-
eral physical activity guidelines and level of physi-
cal activity intensity [24-26]. A physical activity in-
dex was then calculated for each mode of intensity (i.e.
moderate, vigorous) by multiplying the total number of
workouts in the past week by minutes per workout.

2.2.2. Pain processing measures

Experimental pain was elicited to provide proxy
measures of pain processing. The first was pain sensi-
tivity, which can either be the individual’s perception
of pain threshold (when pain is first experienced) or
tolerance (when pain is no longer tolerable). Only pain
threshold was included in this study, which involved
application of a pressure to the anterior lower leg by
a force gauge (Wagner Instruments, Greenwich, CT).
Force was applied at a rate of 1 Kg/cm?/second un-
til the individual verbally reported the onset of pain.
Three measurements were collected and the average of
all three measures provided the pain sensitivity mea-
sure for each individual.

The second pain processing measure assessed was
pain modulation, or the change in pain intensity over
time. Five heat pulses of the same temperature (48°C)
were applied to the bottom of the right foot for 0.5
seconds each (2.5 second interpulse interval) using
a PATHWAY Model Advanced Thermal Stimulator
(ATS) (Medoc Advanced Medical Systems, Ramat
Yishai, Israel). Participants rated intensity of the sec-
ond pain experienced after initial heat for each pulse
using the numeric pain rating scale (NPRS; 0 equal
to ‘no pain’, 100 equal to ‘worst pain imaginable’),
which occurs in between the heat pulses. The NPRS
is a validated measure of how an individual perceives
pain intensity [24]. Pain rating at the last heat pulse
was then subtracted from pain rating at the first pulse,
which provided the pain modulation score. This spe-

cific test is referred to as temporal summation of sec-
ond pain and has been used previously by our lab
and others [27-29]. Moreover, this study is based on
our understanding of pain modulation occurring at the
spinal cord [30].

2.3. Statistical analysis

Analyses were completed using IBM® SPSS®
Statistics software, Version 21 (2012, IBM® Corp; Ar-
monk, NY). To examine differences in intake char-
acteristics, physical activity level, and experimental
pain measures by condition (pain-free vs. individ-
uals with CLBP), non-parametric Mann-Whitney U
Test and chi-square tests were used. This was due to
unequal sample sizes and heterogeneity of variance
across groups.

Next, we assessed the association between moderate
or vigorous physical activity level and pain sensitivity
and modulation using univariate regression modeling.
Separate models were created to assess the differential
association based on condition (pain-free vs. individu-
als with CLBP). Alpha level was set at p = 0.05 for all
analyses.

3. Results

A total of 70 subjects participated in the study. Dif-
ferences in demographics, physical activity, and pain
processing measures are outlined in Table 1. Individ-
uals with CLBP and pain-free groups were of similar
age and gender (p > 0.05). Pain-free individuals had
higher moderate (U = 688, p < 0.05) and vigorous
(U =649, p < 0.05) physical activity levels compared
to individuals with CLBP. Moreover, pain-free individ-
uals had lower pain sensitivity compared to individu-
als with CLBP, as evidenced by higher pressure pain
threshold (p < 0.05). Pain modulation levels were sim-
ilar across groups (p > 0.05).

3.1. Relationship between physical activity level and
pain sensitivity

Neither moderate nor vigorous physical activity
were associated with pain sensitivity in pain-free
(R? =0.02,p > 0.05) or individuals with CLBP (R? =
0.01, p > 0.05) (Fig. 1). In addition, neither moder-
ate nor vigorous physical activity was associated with
pain modulation in individuals with CLBP (R%2 =0.01,
p > 0.05). However, both moderate (R? = 0.49, p <
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Table 1
Intake characteristics and differences in activity level and pain processing by group
Group LBP (n =49) Pain-free (n = 21) P
Mean (SD) Mean (SD)
Age 46.77 (14.85) 45.29 (18.22) 0.721
Female (%) 69 57 0.421
Moderate physical activity
Number of Workouts (week) 2.10 (2.76) 3.14 (2.56) 0.037
Average Workout Duration (minutes) 20.98 (20.39) 42.57 (38.03) 0.026
Moderate Physical Activity Index** 74.65 (105.87) 170.00 (189.00) 0.024
Vigorous physical activity
Number of Workouts (week) 0.57 (1.29) 1.38 (2.01) 0.056
Average Workout Duration (minutes) 8.47 (16.81) 30.55 (49.41) 0.021
Vigorous Physical Activity Index** 21.94 (66.77) 93.38 (166.60) 0.040
Pain processing measures
Pressure Pain Threshold (Kg/ch/second) 5.65 (2.86) 7.49 (2.86) 0.017
Temporal Summation™ 4.06 (14.05) 0.48 (16.23) 0.354

*Temporal summation (pain rating at 5*" pulse minus pain rating at 15 pulse); **Moderate and Vigorous Physical Activity Index were calculated
by multiplying the total number of workouts in the past week by minutes per workout.
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Fig. 1. Moderate and vigorous physical activity level and pain sensitivity relationship, by group.

0.05) and vigorous (R? = 0.68, p < 0.01) physical
activity were negatively associated with pain modula-
tion in pain-free individuals, meaning that higher phys-
ical activity was associated with higher pain modula-
tion (Fig. 2).

3.2. Extreme physical activity level data point

Upon visual examination of the data, it was deter-
mined that an extreme score existed for moderate and
vigorous physical activity levels amongst pain-free in-
dividuals (Figs 1 and 2). These data points were in-
cluded in analyses for a number of reasons. First, no a
priori criteria were set to exclude extremes in activity
level. Second, while the physical activity values of the

pain-free individual in question are considered extreme
values compared to other participants in this sample,
the values are realistic for higher-level performance in
other samples. Therefore, including these values pro-
vided a more representative sample of physical activity
in the population.

3.3. Post-Hoc analysis

Since individuals across the entire lifespan were in-
cluded in this study, a post-hoc analysis was performed
to confirm physical activity differences by group, in-
dependent of age. As such, ages were included as a
covariate using 1000-sample bootstrapped analysis of
covariance modeling. After accounting for age, both
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Fig. 2. Moderate and vigorous physical activity level and pain modulation relationship, by group.

moderate (F270 = 3.80, p < 0.05) and vigorous
(F2,70 = 3.80, p < 0.05) physical activity levels re-
mained higher in pain-free individuals compared to in-
dividuals with CLBP. Similarly, the influence of age on
associations between physical activity and pain modu-
lation were examined. However, univariate regression
models found a lack of association between age and
pain modulation for both pain-free individuals (R?
0.02, p > 0.05) and those individuals with CLBP
(R? = 0.001, p > 0.05). Therefore, we were confident
age did not affect the observed associations.

4. Discussion

To our knowledge, this study is the first to examine
associations between physical activity and experimen-
tally-induced measures of pain processing- pain sensi-
tivity and modulation- in both a pain-free and clinical
pain cohort. Findings suggest that lower physical ac-
tivity levels are associated with maladaptive pain mod-
ulation amongst pain-free individuals. In other words,
those with lower physical activity were more sensitive
to longer durations of experimentally-induced pain.
The same associations were not found amongst indi-
viduals with CLBP. However, this study provides a
novel preliminary indication of associations between
physical activity levels and pain processing using lab-
oratory correlates, which can be used to model future
prognostic studies.

The key finding of this study was a lack of as-
sociation between physical activity and pain process-
ing amongst individuals with CLBP. These findings

suggest that current levels of physical activity, once
CLBP is present, do not appear to be related to cur-
rent pain processing, or the influence of physical activ-
ity on pain lessens with pain chronicity. Alternatively,
pre-established factors (e.g. psychosocial [31]) may
have greater influence on CLBP than physical activ-
ity. Regardless, our findings do not suppress the poten-
tial preventative and/or interventional value of phys-
ical activity in the presence of CLBP, which should
be investigated in future trials. Since this was a cross-
sectional study, we were only privy to individuals’
physical activity level at one time point. It’s possible
that a stronger association exists between prolonged
physical inactivity and pain sensitivity or modulation;
which, in turn, contribute to the chronicity of pain. Fur-
ther, it’s possible that associations lie with lower levels
of function (i.e. inability to perform activities of daily
living) rather than higher levels of physical activity. It’s
worth noting that higher physical activity was not as-
sociated with decrements in pain processing, which is
valuable since it suggests the potential for individuals
with CLBP to engage in physical activity without ad-
versely influencing central pain mechanisms. This too,
requires further study for confirmation.

Independent of the lack of associations observed
amongst the individuals in the CLBP cohort, the cur-
rent research is promising as it aligns with previous
work showing inverse relationships between physical
activity and pain [32,33]. A recent paper by Naugle and
Riley [33] examined the relationship between physi-
cal activity and pain sensitivity, much like the current
study. Results were similar in that pain-free adults who
engaged in more physical activity had improved de-
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scending pain modulation [33]. These findings may be
representative of an association between physical ac-
tivity level and pain modulation in that physical activ-
ity level directly corresponds to pain response. Mech-
anistically, physical activity levels may play a role in
the neuroplasticity of the brain and its ability to miti-
gate pain input signals [34]. The concept of increased
physical activity level and its inhibitory effects on pain
modulation is similar to the bodies’ natural negative
feedback loop mechanism responsible for regulating
and stabilizing several other body systems. For exam-
ple, the ability of the body to maintain homeostasis (via
temperature regulation) may be similar to regulatory
effect of physical activity on pain processing. In other
words, as one factor increases or decreases to a cer-
tain level, the other responds in the opposite direction.
Therefore, if physical activity influences pain process-
ing, exercise or interventions to promote physical ac-
tivity may potentially prevent onset of chronic pain; or
assist in chronic pain treatment.

There are multiple strengths to this study. First, we
translated previous research examining physical ac-
tivity and pain processing in pain-free individuals to
those with an ongoing musculoskeletal pain condi-
tion [32]. Second, we used both a sensitivity mea-
sure (pressure pain threshold) and modulation measure
(temporal summation of second pain), while prior re-
search has predominantly used pain sensitivity mea-
sures [22,35]. It was important to include a pain sensi-
tivity measure to link our findings to previous research.
However, modulatory measures are considered a better
indicator of pain processing [36]. To our knowledge,
only two other studies have examined physical activ-
ity level and pain processing using a modulatory mea-
sure [32,33]; both of which found a negative relation-
ship amongst pain-free individuals as we did here. An
additional study strength was that our cohort was more
representative of the variable activity levels seen across
the general population, with some engaging in minimal
physical activity and others at more extreme levels.

There are also limitations to this study. First, we
used a cross-sectional analysis and therefore cannot as-
certain the extent to which physical activity prevents
CLBP, which should be the impetus for future research.
Second, we did not include psychosocial factors, which
prevented the comparative association to physical ac-
tivity in the presence of experimentally-induced pain.
Psychosocial factors, such as pain catastrophizing or
pain-related fear, should be included in future prog-
nostic trials as they have been found to influence pain
chronicity [31]. Finally, while our sample included a

heterogeneous cohort of physical activity (i.e. more
representative of the general population), we may have
been underpowered to examine differential association
based on subgroups of population, such as those exclu-
sively performing vigorous activity (e.g. triathletes).
Physical activity subgroup analysis should be consid-
ered for future studies.

5. Conclusions

Our findings suggest that higher physical activity
levels are associated with improved pain modulation
among pain-free individuals. While multiple risk fac-
tors influence an individual’s perception of pain, phys-
ical activity may be valuable from a rehabilitation per-
spective; as it is modifiable. Future research involving
experimental pain measures will determine the extent
to which physical activity prevents CLBP chronicity,
as well as the ideal physical activity dosage for treat-
ment once CLBP is present. Improved understanding
of physical activity and CLBP will assist healthcare
providers with optimizing prevention and treatment of
CLBP.

Acknowledgement

We would like to thank Russell M. Bauer, PhD.,
ABPP, for his assistance with manuscript revision.

Conflict of interest

None to report.

Funding sources

This study was supported by funding from the Uni-
versity of Florida University Scholars Program and
Department of Physical Therapy.

References

[1] Hoy D, March L, Brooks P, et al. The global burden of low
back pain: Estimates from the Global Burden of Disease 2010
study. Ann Rheum Dis. 2014 Jun; 73(6): 968-74.

[2] Buchbinder R, Blyth FM, March LM, Brooks P, Woolf AD,
Hoy DG. Placing the global burden of low back pain in con-
text. Best Pract Res Clin Rheumatol. 2013; 27(5): 575-589.



(3]

[4]
(51

[l

(71

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

L.C. Orr et al. / Association between physical activity and pain processing in adults with CLBP compared to pain-free controls 581

Lautenbacher S, Kunz M, Strate P, Nielsen J, Arendt-Nielsen
L. Age effects on pain thresholds, temporal summation and
spatial summation of heat and pressure pain. Pain. 2005;
115(3): 410-418.

Wiesenfeld-Hallin Z. Sex differences in pain perception.
Gend Med. 2005; 2(3): 137-145.

Pauli P, Rau H, Zhuang P, Brody S, Birbaumer N. Ef-
fects of smoking on thermal pain threshold in deprived and
minimally-deprived habitual smokers. Psychopharmacology
(Berl). 1993; 111(4): 472-476.

Vassend O, Rgysamb E, Nielsen CS. Five-factor personality
traits and pain sensitivity: A twin study. Pain. 2013; 154(5):
722-728.

Chen SM, Liu MF, Cook J, Bass S, Lo SK. Sedentary lifestyle
as a risk factor for low back pain: A systematic review. Int
Arch Occup Environ Health. 2009 Jul; 82(7): 797-806.
Heneweer H, Staes F, Aufdemkampe G, van Rijn M, Vanhees
L. Physical activity and low back pain: A systematic review
of recent literature. Eur Spine J. 2011 Jun; 20(6): 826-45. doi:
10.1007/s00586-010-1680-7. Epub 2011 Jan 9. Review.
Heneweer H, Vanhees L, Picavet HS. Physical activity and
low back pain: a U-shaped relation? Pain. 2009 May; 143(1-
2): 21-5.

Strawbridge W1J, Deleger S, Roberts RE, Kaplan GA. Physical
activity reduces the risk of subsequent depression for older
adults. Am J Epidemiol. 2002 Aug 15; 156(4): 328-34.

Nijs J, Van Houdenhove B, Oostendorp RA. Recognition of
central sensitization in patients with musculoskeletal pain:
Application of pain neurophysiology in manual therapy prac-
tice. Man Ther. 2010; 15(2): 135-141.

Price DD, Staud R, Robinson ME, Mauderli AP, Cannon R,
Vierck CJ. Enhanced temporal summation of second pain and
its central modulation in fibromyalgia patients. Pain. 2002;
99(1-2): 49-59.

Nir RR, Yarnitsky D. Conditioned pain modulation. Curr
Opin Support Palliat Care. 2015 Jun; 9(2): 131-7.

Clauw DJ, Williams D, Lauerman W, Dahlman M, Aslami A,
Nachemson AL, Kobrine AI, Wiesel SW. Pain sensitivity as
a correlate of clinical status in individuals with chronic low
back pain. Spine (Phila Pa 1976).

Giesecke T, Gracely RH, Grant MA, Nachemson A, Petzke
F, Williams DA, Clauw DJ. Evidence of augmented central
pain processing in idiopathic chronic low back pain. Arthritis
Rheum. 2004 Feb; 50(2): 613-23.

Puta C, Schulz B, Schoeler S, Magerl W, Gabriel B, Gabriel
HH, Miltner WH, Weiss T. Enhanced sensitivity to punctate
painful stimuli in female patients with chronic low back pain.
BMC Neurol. 2012 Sep 21; 12: 98.

Imamura M, Chen J, Matsubayashi SR, Targino RA, Alfieri
FM, Bueno DK, Hsing WT. Changes in pressure pain thresh-
old in patients with chronic nonspecific low back pain. Spine
(Phila Pa 1976). 2013 Nov 15; 38(24): 2098-107.

Tesarz J, Wolfgang E, Treede RD, Gerhardt A. Altered pres-
sure pain thresholds and increased wind-up in adult chronic
back pain patients with a history of childhood maltreatment:
A quantitative sensory testing study. Pain. 2016 Apr 13. [Epub
ahead of print]

Mlekusch S, Neziri AY, Limacher A, Jiini P, Arendt-Nielsen
L, Curatolo M. Conditioned Pain Modulation in Patients With
Acute and Chronic Low Back Pain. Clin J Pain. 2016 Feb;
32(2): 116-21.

Geva N, Defrin R. Enhanced pain modulation among triath-
letes: A possible explanation for their exceptional capabilities.
Pain. 2013; 154(11): 2317-2323.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Naugle KM, Riley 3rd, Joseph L. Self-reported Physical
Activity Predicts Pain Inhibitory and Facilitatory Function.
Medicine & Science in Sports & Exercise. 2014; 2013; 46:
622-629.

Tesarz J, Schuster AK, Hartmann M, Gerhardt A, Eich W.
Pain perception in athletes compared to normally active con-
trols: A systematic review with meta-analysis. Pain. 2012;
153(6): 1253-1262.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML,
Ainsworth BE, Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P.
International physical activity questionnaire: 12-country reli-
ability and validity. Med Sci Sports Exerc. 2003 Aug; 35(8):
1381-95.

Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity
of four pain intensity rating scales. Pain. 2011 Oct; 152(10):
2399-404.

Cdc.gov. Measuring Physical Activity Intensity [Internet].
2015 [cited 16 July 2015]. Available from: http://www.cdc.
gov/physicalactivity/basics/measuring/index.html.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin
BA, Macera CA, Heath GW, Thompson PD, Bauman A.
American College of Sports Medicine; American Heart As-
sociation. Physical activity and public health: updated recom-
mendation for adults from the American College of Sports
Medicine and the American Heart Association. Circulation.
2007 Aug 28; 116(9): 1081-93.

Robinson ME, Bialosky JE, Bishop MD, Price DD, George
SZ. Supra-threshold scaling, temporal summation, and after-
sensation: relationships to each other and anxiety/fear. J Pain
Res. 2010; 3: 25-32.

Valencia C, Fillingim RB, George SZ. Suprathreshold heat
pain response is associated with clinical pain intensity for pa-
tients with shoulder pain. J Pain. 2011; 12(1): 133-140.
Valencia C, Kindler LL, Fillingim RB, George SZ. Investi-
gation of central pain processing in shoulder pain: converg-
ing results from 2 musculoskeletal pain models. J Pain. 2012;
13(1): 81-89.

Price DD, Hu JW, Dubner R, Gracely RH. Peripheral sup-
pression of first pain and central summation of second pain
evoked by noxious heat pulses. Pain. 1977; 3(1): 57-68.
Crombez G, Eccleston C, Van Damme S, Vlaeyen JW, Karoly
P. Fear-avoidance model of chronic pain: the next generation.
Clin J Pain. 2012 Jul; 28(6): 475-83.

Geva N, Defrin R. Enhanced pain modulation among triath-
letes: A possible explanation for their exceptional capabilities.
Pain. 2013; 154(11): 2317-2323.

Naugle KM, Riley 3rd, Joseph L. Self-reported Physical
Activity Predicts Pain Inhibitory and Facilitatory Function.
Medicine & Science in Sports & Exercise. 2014; 2013; 46:
622-629.

Cotman CW, Berchtold NC. Exercise: A behavioral interven-
tion to enhance brain health and plasticity. Trends Neurosci.
2002; 25: 295-301.

Tesarz J, Schuster AK, Hartmann M, Gerhardt A, Eich W.
Pain perception in athletes compared to normally active con-
trols: A systematic review with meta-analysis. Pain. 2012;
153(6): 1253-1262.

Arendt-Nielsen L, Yarnitsky D. Experimental and clinical ap-
plications of quantitative sensory testing applied to skin, mus-
cles and viscera. J Pain. 2009; 10(6): 556-572.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


